The success of prospecting for gold deposit in overburdened areas based on the using of secondary dispersion haloes mostly depends on the chosen method of geochemical survey (sampling horizon, sample preparation for analysis, etc.). At the same time, the geochemistry of gold in the supergene zone is insufficiently studied, especially it's migration and concentration in association with other elements in surface sediments due to weathering of gold-bearing ore. The main aim of the study presented in this paper is the determination of mobile forms of gold and pathfinder elements (As, Cu, Ni, Ag, Zn, Pb, Se, Sb, Mo, Bi, and Te) in podzol soil and moraine in the areas of Karelia region with known gold mineralization. As a result of conducted experiments it was determined that the main mobile forms of gold are water-soluble and bound to organic matter, while pathfinder elements bound preferably to Fe and Mn(hydr)oxides and to organic matter. As gold and some pathfinders bind with organic matter, this form was considered in more detail, and the elements' interaction with humic and fulvic acids was investigated. In addition, it was determined that the studied elements are quite "mobile" because the percentage of the mobile form in their total content was mostly more than 50%. The main features of the elements' migration and concentration were identified in surface sediments of the study areas.
Introduction
Currently, prospecting for gold deposits is mostly being carried out in overburden-affected areas. The degree of overburden can vary at first to dozens of meters, which makes prospecting more difficult to carry out, because gold is characterized by a low abundance in upper crust (1.5 ng·g −1 [1] ) and especially in overburdened areas. In consequence of the high cost of low-concentration analysis, prospecting is often based on the use of elements associated with gold mineralization in primary haloes, such as Te, Bi, As, Ag, Cu, Sb, etc. [2] [3] [4] [5] [6] . However, these elements, forming anomalies in a secondary halo while weathering gold-bearing ore, no longer have a close positive correlation compared to it in the primary halo and sometimes this correlation is lost completely in a large-scale geochemical survey. That is why selecting elements as indicators of gold mineralization should be based not only on genetic relations between the elements in the primary halo, but also on their migration features in the secondary halo. Another aspect of solving the problems of prospecting for gold deposits is the use of geochemical methods based on the analysis of an element's mobile form (CHIM-partial leaching of metals; TMGM-thermomagnetic geochemical method; MMI-mobile metal ion extraction; MOMEO-leaching of mobile forms of metals in overburden; enzyme leaching, etc.), because the full amount of the element corresponds to the sum of several processes, which are thus averaged thus averaged and do not always show contrast anomalies, compared to the anomalies identified with mobile form analysis [7] . However, using geochemical methods based on mobile forms analysis requires knowledge of gold migration and concentration features in the supergene zone, and the information about this remains incomplete as of today, despite a significant amount of research being conducted in this field [8] [9] [10] [11] . Therefore, the purpose of this study was to identify the main mobile forms of gold and its pathfinders and to compare the futures of their concentration in different horizons of loose sediments in the areas with known primary gold mineralization for the understanding of what mobile form of gold and associated elements could point onto overlaying ore body.
Materials and Methods

Geology of Study Areas
The study of gold and pathfinder's mobile forms in loose sediments was carried out in two territories at Karelia region-the territory of Novye Peski gold deposit and Piilola prospecting area. Novye Peski gold deposit is located within the Segozero-Vedlozero Archean greenstone belt. Piilola prospecting area is located within the Kuhmo Archean greenstone belt, where there are known gold ore occurrences (Piilola, Josijarvi, Muesuo, etc.) ( Figure 1 ).
Figure 1.
The geological structure of Karelia and location of the studied areas [12] .
Mobile forms of gold and pathfinders were studied in loose sediments near the Josijarvi gold ore occurrence in the Piilola area. It is hosted by intermediate metatuff. Zones with an elevated gold concentration are confined to micaceous schists and are characterized by increased arsenic content. Ore mineral associations are represented by arsenopyrite and pyrrhotite with occasional aggregates of chalcopyrite, sphalerite, pentlandite, pyrite; silver and copper are presented as impurities. The Figure 1 . The geological structure of Karelia and location of the studied areas [12] .
Mobile forms of gold and pathfinders were studied in loose sediments near the Josijarvi gold ore occurrence in the Piilola area. It is hosted by intermediate metatuff. Zones with an elevated gold concentration are confined to micaceous schists and are characterized by increased arsenic content. Ore mineral associations are represented by arsenopyrite and pyrrhotite with occasional aggregates of chalcopyrite, sphalerite, pentlandite, pyrite; silver and copper are presented as impurities. The native gold and bismuth intergrowths are also characteristic [12, 13] . The supposed exploration model is the intrusion related gold system combined with the hosted orogenic shear zone [14] .
The main types of host rocks of the Novye Peski deposit are metamorphosed basalts, andesibasalts and their tuffs, amphibolites over gabbro or gabbro-amphibolites, including garnet and epidote with magnetite and ilmenite. The veinlet-impregnated vein of gold-sulfoarsenide ore mineral association includes arsenopyrite, lellingite, pyrite, pyrrhotite, chalcopyrite, sphalerite, glaucodotite, galena, scheelite, gold, and occasional aggregates of bismuth and maldonite. Ore mineralization is confined to the schistosity zone with a N-E orientation (shear zone) in metamorphosed and altered gabbroids [15] . According to the latest investigations, the Novye Peski gold deposit can be categorized as the orogenic genetic type [15, 16] . There are granitoids with a suggested age of 2.7 Ga, but the relation of gold mineralization to intrusion is not obvious [16] . Novye Peski is a small deposit with P 1 reserves of 5.8 tons of gold [15] .
Sampling, Mineralogical, and Chemical Characteristic of Surface Sediment Horizons
The territory of the study areas is covered by loose sediments, represented by moraine and podzols developing on it [17, 18] . The territory of sampling at Novye Peski is characterized by the distribution of thin, weathered moraine, which does not differ in its features from the soil-forming horizon C, compared to moraine in the Piilola area, where the weathering processes are slower, and the moraine keeps its texture and structure. Rustic Podzols (FAO 1998) are developed in the Novye Peski area, according to the national soil atlas of Russian Federation, and Haplic Podzols are the most common in Finland according to data from the Soil Geographical Database of Europe presented by Yli-Hala [19] . The type of considered soil has the following profile: O-AO-E-Bf(Bhf)-C.
Loose sediment samples were collected from three vertical sections at each study area: over the mineralized zone (profile No. 1), near (profile No. 2) and away from it (profile No. 3) in the territory of the Novye Peski deposit, and within the area with gold and arsenic anomalies in the secondary dispersion halo in the Piilola area (profiles No. 1, No. 4 and No. 10) (Figure 2 ). Thus, 9 samples from Novye Peski area and 12 samples from the Piilola prospecting area were collected to identify mobile forms of elements. The main chemical and mineralogical characteristics of samples are shown in Tables 1 and 2 . Organic carbon was determined with CHN analysis. Soil pH was measured in water extract [20] . Mineral phases were identified with X-ray powder diffraction and clay mineral content with full-profile Ritveld quantitative XRD analysis (Supplementary Figures S1-S4 ). (a) (b) Figure 2 . Places of sampling in the Novye Peski (a) and Piilola (b) [14] areas.
Methods of Determining Gold and Pathfinder Mobile Forms
The selection of elements as pathfinders for mobile form determination was based on data regarding ore mineral associations in gold ore occurrences located within study areas [14, 15] , and on the data about the elements most often associated with gold in the Baltic Shield [22, 23] . Thus, mobile forms of gold and pathfinders, such as As, Ag, Cu, Ni, Zn, Pb, Te, Se, Mo, Bi, and Sb, were identified in this study. 
The selection of elements as pathfinders for mobile form determination was based on data regarding ore mineral associations in gold ore occurrences located within study areas [14, 15] , and on the data about the elements most often associated with gold in the Baltic Shield [22, 23] . Thus, mobile forms of gold and pathfinders, such as As, Ag, Cu, Ni, Zn, Pb, Te, Se, Mo, Bi, and Sb, were identified in this study.
Determinations of gold and pathfinder mobile forms were conducted with the sequential extraction method [24, 25] with a further ICP-MS analysis of the extracts. The sequential extraction is usually used for determination of forms of elements, but also it experimentally models the interaction of elements with natural water: the low water mineralization can cause the water-soluble form leaching, the increasing of water mineralization-leaching of forms of elements related to ions exchange. pH changes can contribute onto dissolution or precipitation of carbonate forms and forms bound to organic matter. Forms bound to Fe and Mn (hydr)oxides are the less mobile and can dissolve due to the destruction of adsorbent. We used the sequential extraction procedure consisting of six steps (as shown in Table 3 ); the seventh step is the insoluble residue digestion of loose sediment samples, which was done to evaluate the parts of the mobile and residual forms. Table 3 . Sequential extraction procedure.
Step Target Phase Extractant The extraction of humic (HA) and fulvic (FA) acids was conducted according to the pyrophosphate express method of Kononova and Belchikova with modifications by V.V. Ponamoreva and T.A. Plotnikova [26] , with the further multi-element analysis of extracts with the ICP-MS method. The full quantity of HA and FA carbon were determined with the I.V Turin method with V.N. Simakov's modification [27] .
Results
Analysis of Mobile Forms of Gold and Pathfinder Elements
The results of the conducted experiment show that the main mobile forms of gold are water-soluble and bound to organic matter in loose sediments in the Piilola area and at Novye Peski, and gold is also bound to Fe and Mn (hydr-)oxides at Novye Peski, but in a lower grade (Tables 4 and 5, Supplementary  Table S1 ). In contrast to gold, none of the pathfinders have a high percentage of their water-soluble form, and those elements bound preferably to Fe and Mn (hydr-)oxides, except for tellurium, mobile forms of which are strongly adsorbed and bound to organic matter in both areas and bound to Fe and Mn (hydr-)oxides in the Piilola area. Cu, Ni, Ag, Bi, and Pb are mainly bound to Fe and Mn (hydr-)oxides in both study areas. For arsenic and selenium, this form also plays an important role; however, those elements are in a strongly adsorbed form in loose sediments in the Piilola area, which is changed on being bound to organic matter at Novye Peski. Molybdenum and antimony also have some differences in loose sediments: they are bound preferably to organic matter and Fe and Mn (hydr-)oxides in the Piilola area and bound only to Fe and Mn (hydr-)oxides in the Novye Peski area. Thus, based on the obtained data, we can point to the groups of elements with similar types of mobile forms in both areas: Au, Cu, Ni, Ag, Bi, Pb, and with some changes, As, Se, Mo, and Sb. The total content of the mobile forms for all of the studied elements is a significant percentage of their total concentrations in soil and moraine (Tables 6 and 7) . Here and below, the mobile forms are understood as a concentration of all the forms leached from steps 1 to 6 of the sequential extraction procedure: water-soluble, loosely and strongly adsorbed, and bound to organic matter, to carbonates and to iron and manganese (hydr-)oxides. For example, the proportions of gold's mobile forms vary from 59 to 96% in the Piilola area and from 40 to 72% at Novye Pesky; moreover, the percentages of the mobile form are lowest in horizon B, compared to E and C in profiles No. 1, No. 2, No. 4, and the largest in No. 3 and No. 10. The percentages of the mobile form of gold are lower in the moraine than in the overlying soil horizon C of all the profiles of the Piilola prospecting area. The percentages of Bi, As, Mo, and Zn mobile forms are very significant in both regions and more than 50%. Ag, Te, and Cu are also predominantly in their mobile form, the proportions of which are higher than 50% in the Piilola area, but these tendencies are characterized by other trends at Novye Peski: the mobile form percentages depend on the place and the depth of sampling, and, in general, amount to more than 30% for those elements. It can also be noted that the elements studied in the soil of Novye Peski are less "mobile" than in the Piilola area because the percentages of mobile forms for some of them are slightly lower. Ni, Se, and Pb are the least mobile elements in both regions. 
Analysis of Gold and Pathfinder Elements in Humic and Fulvic Acids
The extracts of HA and FA were prepared from surface sediment samples of the study areas for the analysis for gold and pathfinder concentrations. The results of that analysis are presented in Tables 8-11 . The majority of the studied elements interact with both HA and FA, and only some elements (Ag; Mo in the Piilola area and As at Novye Peski) were detected only in extracts of one type of organic matter. Also, we can discern a group of elements bound preferably to FA or HA in surface sediments. Au, Ni, Bi, and Ag are bound preferably to HA and As, Cu, Pb, Te, Se, and Mo to FA at both study areas, but Zn and Sb bound to HA at Novye Peski and to FA in the Piilola area. 
Discussion
As was previously shown, the percentages of the mobile forms of the studied elements are a major part of their total quantity in surface sediments; thus, the mobile forms can be used for the characterization of element concentrations in overburdened areas. Compared to the changes of gold's mobile form concentration from profile No. 3 (out of the mineralized zone) to No. 1 (over the mineralized zone) in the studied soil horizons at Novye Peski, we can observe that it ascends gradually only in the E horizon, and this trend is opposite to that in Bf (Figure 3) . The same trend of ascending concentration is seen in the E and Bhf horizons from profile No. 10 to No. 1 in the Piilola prospecting area. The highest content of gold's mobile form was determined in a sample of the Bf horizon at Novye Peski, but that sample was taken in profile, which is out of the mineralized zone. The highest content in the C horizon is also not over the mineralized zone, but it is in the E horizon.
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As was previously shown, the percentages of the mobile forms of the studied elements are a
ascends gradually only in the E horizon, and this trend is opposite to that in Bf (Figure 3) . The same trend of ascending concentration is seen in the E and Bhf horizons from profile No. 10 to No. 1 in the Piilola prospecting area. The highest content of gold's mobile form was determined in a sample of the Bf horizon at Novye Peski, but that sample was taken in profile, which is out of the mineralized zone. The highest content in the C horizon is also not over the mineralized zone, but it is in the E horizon.
Thus, we can suggest that the changing of gold's mobile form content in the E soil horizon can point to the mineralization zone. L.N. Antropova [6] stated that chemical elements are in their watersoluble form until and unless they are not bound to organic matter or to Fe and Mn (hydro-)oxides, and gold is in its water-soluble form in soil over the ore body [28] . According to these facts, it is suggested that the highest water-soluble gold content would appear in the surface sediments overlying the ore body. The highest water-soluble gold content was detected in the E horizon of profile over the mineralized zone at Novye Peski, and the same soil horizon was observed for profile No. 1 in the Piilola prospecting area (Figure 4) . Thus, we can suggest that the changing of gold's mobile form content in the E soil horizon can point to the mineralization zone. L.N. Antropova [6] stated that chemical elements are in their water-soluble form until and unless they are not bound to organic matter or to Fe and Mn (hydro-)oxides, and gold is in its water-soluble form in soil over the ore body [28] . According to these facts, it is suggested that the highest water-soluble gold content would appear in the surface sediments overlying the ore body. The highest water-soluble gold content was detected in the E horizon of profile over the mineralized zone at Novye Peski, and the same soil horizon was observed for profile No. 1 in the Piilola prospecting area (Figure 4) .
The highest mobile form contents of arsenic and copper are in the C horizon of profile No. 1 at Novye Peski, in the C horizon and moraine of profile No. 10 for arsenic, and in the Bhf horizon for copper in the Piilola area ( Figure 5 ).
Another main mobile form of gold is bound to organic matter, which is also common for some pathfinders, unlike water-soluble. The variations of Au, As, and Cu and the organic carbon ratio in surface sediments are presented in Figure 6 . We used the ratio for the standardization of element concentration in the form bound to organic matter, because the samples have a different organic carbon content. As and Cu were chosen for this consideration because they are the most common pathfinders in the study areas. Another main mobile form of gold is bound to organic matter, which is also common for some pathfinders, unlike water-soluble. The variations of Au, As, and Cu and the organic carbon ratio in surface sediments are presented in Figure 6 . We used the ratio for the standardization of element concentration in the form bound to organic matter, because the samples have a different organic carbon content. As and Cu were chosen for this consideration because they are the most common pathfinders in the study areas. The highest Au/C ratio is in the C soil horizon of profile No. 3, and it does not point to the mineralized zone at Novye Peski. Arsenic and copper also have the highest ratio in the C horizon, but this is in profile No. 2 for copper and only for arsenic in profile No. 1, over the mineralized zone at Novye Peski. The highest ratios of Au, As, and Cu bound to organic matter and organic carbon are also common for the lower horizons of overburden in the Piilola prospecting area. The Au/C ratio does not point to the mineralized zone, despite the prevalence of the form of gold bound to organic matter. Perhaps, this is a consequence of gold's interaction with various types of organic matter: humic (HA) and fulvic acids (FA), which contribute differently to gold migration and concentration [29] [30] [31] [32] .
The histograms for the elements bound preferably to HA and to FA are shown in Figure 7 . The ratio of gold and HA carbon is highest in profile No. 1 in the Bf soil horizon, of silver is in the C horizon, and of nickel is in the E and C soil horizons in profile No. 3. As, Cu, and Mo have the highest ratio in C, but in profile No. 2. None of the analyzed elements have as high a ratio in the Bf horizon The highest Au/C ratio is in the C soil horizon of profile No. 3, and it does not point to the mineralized zone at Novye Peski. Arsenic and copper also have the highest ratio in the C horizon, but this is in profile No. 2 for copper and only for arsenic in profile No. 1, over the mineralized zone at Novye Peski. The highest ratios of Au, As, and Cu bound to organic matter and organic carbon are also common for the lower horizons of overburden in the Piilola prospecting area. The Au/C ratio does not point to the mineralized zone, despite the prevalence of the form of gold bound to organic matter. Perhaps, this is a consequence of gold's interaction with various types of organic matter: humic (HA) and fulvic acids (FA), which contribute differently to gold migration and concentration [29] [30] [31] [32] .
The histograms for the elements bound preferably to HA and to FA are shown in Figure 7 . The ratio of gold and HA carbon is highest in profile No. 1 in the Bf soil horizon, of silver is in the C horizon, and of nickel is in the E and C soil horizons in profile No. 3. As, Cu, and Mo have the highest ratio in C, but in profile No. 2. None of the analyzed elements have as high a ratio in the Bf horizon as gold, while most of the other elements achieve this in the C horizon, but in different soil profiles. 
Conclusions
The results of the conducted experiment, presented in this paper, demonstrate that gold and pathfinder elements are quite mobile in loose sediments of the studied areas. In addition, the received results demonstrate the main differences between gold and pathfinders in their migration and concentration in surface sediments. Some elements have differences even in a form bound to organic matter due to their interaction with humic or fulvic acids, or with both simultaneously. The forms of gold and pathfinders which point to the mineralized zone are different: water-soluble for gold and predominantly bound to Fe and Mn (hydr-)oxides for pathfinders, and that is why the highest 
The results of the conducted experiment, presented in this paper, demonstrate that gold and pathfinder elements are quite mobile in loose sediments of the studied areas. In addition, the received results demonstrate the main differences between gold and pathfinders in their migration and concentration in surface sediments. Some elements have differences even in a form bound to organic matter due to their interaction with humic or fulvic acids, or with both simultaneously. The forms of gold and pathfinders which point to the mineralized zone are different: water-soluble for gold and predominantly bound to Fe and Mn (hydr-)oxides for pathfinders, and that is why the highest concentration of those forms of the elements is in different horizons in the studied areas: in E horizon for gold (0.0042 ppm at Novye Peski, 0.0149 in the Piilola area) and for pathfinders in Bf and C at Novye Peski, Bhf, and moraine in the Piilola area.
Thus, it is very important to determine the features of elements' migration and concentration in a particular type of surface sediment when choosing the elements as pathfinders or when using the geochemical method, based on mobile form analysis, for the prospecting of gold deposits. 
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